Dipole derivatives have been obtained (using both 3-21G and 6-31G basis sets) for methyl acetate. Using a force field refined from experimental data on methyl acetate and its deuterated derivatives, infrared intensities have been calculated. The good frequency and intensity agreement indicate that these force constants and dipole derivatives can serve as satisfactory transferable parameters for the ester group.
INTRODUCTION
Dipole derivatives provide important insights into interactions between similar groups on adjacent molecules, which determine band splittings in vibrational spectra, and permit calculation of infrared (IR) intensities, which can serve as an independent test of force fields. Such ab initio derivatives for the peptide group [l, 21 have validated the proposal that transition dipole coupling accounts for amide mode band splittings in spectra of polypeptides [ 3, 41 , and the corresponding IR intensities have provided support for our empirically refined force field for polyglycine I [ 21.
This paper presents dipole derivatives and IR intensities for the ester group. We have used methyl acetate (MA) as a model, and have tried to derive a set of transferable parameters that will yield reliable frequencies and IR intensities for this group. In the process, we have refined an alternative intramolecular valence force field for this molecule. The transferability of the force field and group moment derivatives will be tested in future work on poly (methyl methacrylate ) and polydepsipeptides.
Infrared and Raman spectra have been reported for MA [5, 6] 
CALCULATIONS
In the normal mode and ab initio calculations, we used the equilibrium geometrical structure of the MA molecule obtained by a Hartree-Fock optimizatjon with the 4-21G basis set [lo] . The local symmetry internal coordinates S, constructed from the internal coordinates defined in the standard way, are listed in Table 1 with the numbering of atoms shown in Fig. 1 . The out-ofplane angle bends, dw, and the torsions, dz, are defined as before [ 111. The vibrational band frequencies of CH,COOCH,, CH$OOCDB, CD,COOCH,, and CD,COOCD, [ 61 were used in the refinement of the intramolecular valence force field. Since the force field is intended to be transferred to polymers, it was refined with respect to band frequencies measured in the spectra of MA in the condensed phase.
A combined valence force field of acetic acid [ 121 and of methyl formate
[ 131 was used to derive an initial set of MA force constants. The refinement was started with a diagonal force field, since we wished to keep the number of parameters of the force field to a minimum. The most relevant interaction force constants were included in the force field in the next steps of the refinement, but in such a way that the least-squares method could be applied to the entire force field in one run. Calculations showed that some changes in the proposed band assignments [ 61 were necessary, most of the alterations having already been proposed [ 81. The fit between observed and calculated frequencies was improved iteratively until the sum of the squared residuals became stationary. Dipole moments of MA were calculated by the ab initio Hartree-Fock method. We used a version of the Gaussian 76 program system [ 141 that was modified to run on a VAX computer [ 21. The dipole moments were computed using both the 3-21G and the 6-31G basis sets. The dipolqmoment derivatives, @/aSi, with respect to the local symmetry coordinates S were evaluated by numerical differentiation. Bonds were distorted by 20.01 A and angles by kO.025 rad. Cartesian displacem$nts corresponding to e2ch internal coordinate distortion were obtained from 5 = M-'B (BM-' ) -' S, where M is the matrix of atomic masses and S = BX. The trans$rmation of the dipole moment derivatives into the normal coordinate basis Q was performed using the relation
The eigenvector matrix L, defined by S = LB, was obtained from the normal mode calculations. The integrated infrared intensity of the ath mode is then given by (2) where N is Avogadro's number and c is the velocity of light.
RESULTS AND DISCUSSION
Our final set of valence force constants for MA is given in Table 2 . The force field was refined in the non-redundant local symmetry coordinates of Table 1 . The force constants for methyl torsions (0-CH, and C-CH,) were kept fixed at the values transferred from methyl formate [ 131 and acetic acid [ 121, because corresponding bands were not observed in the spectra of MA [5, 61 . Force constant No. 16 (OCC deformation) was not refined from its initial value, because it showed very large uncertainties in the course of least-squares fitting of the calculated frequencies. For the same reason, only one parameter was used for the pairs of correlated force constants 28, 29 and 34, 35 in the refinement of the force field. Since the CD, stretching region (2100-2300 cm-') is very complex in the recorded spectra of MA [ 61 (due to effects such as Fermi resonance), the methyl stretch force constants were fitted only to the band frequencies corresponding to the vibrations of the undeuterated methyl groups.
As can be seen from Table 3 , most of the discrepancies between the observed and calculated frequencies are less than 10 cm-' for all four isotopic species. Several larger differences probably arise from the anharmonicities not included in the calculations. The normal mode calculations indicate that the bands in the 2250-2260 cm-' region correspond to the CD, antisymmetric stretch modes in the A' block (modes Nos. 1 and 2) . Changes in the assignments given in [6] are proposed also for some bands in the 900-1100 cm-' region of the spectra of CHBCOOCDB and CD&OOCDB (see Table 3 ).
Dipole moment derivatives, aj/aS'i, were calculated using the 3-2iG and 6- 31G basis sets; the 6-31G values are given in Table 4 . Both sets of ab initio derivatives were used in the calculations of the IR band intensities. The eigenvector matrix L in (1) was obtained from normal mode calculations using two different force fields: the force field from [8] (Set I) and the force field refined in this paper (Set II). Calculated IR band intensities are listed in Table 5 together with the experimental values. The absolute value of the IR intensity of the C = 0 stretch normal mode (No. 5) was taken from ref. 15 . The relative IR intensities of the other modes listed in Table 5 were determined by numerical integration of the band areas in the spectrum of liquid CH&OOCHB (the spectrum was measured on a Bomem DA3 FTIR spectrometer). Relative intensities were then normalized with respect to the published carbonyl band intensity [ 151. Overlapping bands in the spectrum were separated by a leastsquares procedure using Lorentzian type functions as the band shapes. In cases of close overlap of bands, such that the separation of the bands could not be carried out reliably, the sum of the IR band intensities is given in Table 5 . Only upper limits could be determined from the IR spectrum for the intensities of the very weak bands corresponding to normal modes No. 11 and No. 22 ( (0 ) U-I, in-plane and out-of-lane rock). It can be seen from Table 5 that there is a good qualitative agreement between the experimental and calculated IR band intensities. This result supports the proposed assignments of the bands. A detailed comparison of the 3-21G and 6-31G results given in Table 5 indicates that the observed band intensities are better reproduced using the dipole derivatives calculated with the 6-31G basis, and this is true for both sets of force constants. In the amide group analysis [2] the best results were obtained using the 3-21G basis set.
Both force field sets I and II give fairly good agreement between observed and calculated frequencies of MA, with set II being somewhat better for the CH, modes. From the point of view of predicted IR intensities (Table 5) , the set I force field provides a better prediction of the absolute intensities of the two strongest bands (No. 5, C = 0 stretch, and No. 10, C&O stretch), although not of their ratio, but it is somewhat poorer for the other bands. Its worst predictions, compared to set II, are for the weak bands, such as No. 4 
